Over the past 20 years, California has made substantial investments in intra-metropolitan passenger rail infrastructure, expanding existing systems and building new ones. According to advocates of New Urbanism, such investment should encourage the growth of mixed-use transitoriented development, defined as a high-density mix of residential and commercial uses within walking distance of rail stations. Little research to date has examined whether rail investment stimulates retail activity, which is a key component of mixed-use development. In this paper, I test whether the opening of new rail stations across California's four largest metropolitan areas has affected retail employment within one-quarter mile of the stations, compared to similar neighborhoods around older stations or with no rail stations. Results indicate that new rail stations were located in areas with initially high employment density, somewhat outside the city centers. The impact of new stations on nearby retail activity varies within and across metropolitan areas. While new station openings are not significantly associated with retail employment across all MSAs, in the Los Angeles and Sacramento MSAs new stations are negatively associated with retail. Newly opened stations are positively associated with retail employment around suburban stations, but have a negative relationship near downtown stations.
Introduction
According to advocates of "New Urbanism", one of the goals of public investment in rail transit is to encourage the growth of mixed-use transit-oriented development, defined as a highdensity mix of residential and commercial uses within walking distance of rail stations. In theory, by reducing transportation costs for residents in the surrounding neighborhood, new transit stations should result in increased land values, spurring higher density development and Analysis of other outcomes, such as transit ridership, population density, employment composition, urban form, and aggregate social welfare, reveal similarly heterogeneous (BaumSnow and Kahn 2005; Bollinger and Ihlanfeldt 1997; Ewing and Cervero 2010; Giuliano and Agarwal 2010; Kahn 2007; Lund et al 2004; Winston and Maheshri 2007) . However, no research to date has examined the impacts of rail investment on one of the key components of mixed-use development, namely retail activity. In this study, I contribute to a broader understanding of TOD by examining whether the development of new rail transit stations in four California metropolitan areas has increased the quantity of retail employment near stations.
As a land use class, retail should be highly compatible with neighborhoods surrounding rail stations: the increased pedestrian traffic generated by transit riders should increase retail business, whereas high traffic may be considered a negative amenity for residential development.
Moreover, municipalities offer give planning preference to commercial developments over residential ones because of the fiscal benefits generated by business taxes; this is particularly true in California, because Proposition 13 limits local revenues from property taxes (Gruen 2010) .
The presence of retail services in a neighborhood, such as grocery stores, pharmacies and restaurants, has important quality of life implications for residents, for instance whether they can purchase healthy food choices at reasonable prices (Hayes 2000) . Therefore the extent to which rail investments improve the quantity or quality of retail services in surrounding neighborhoods is potentially a valuable social benefit that might serve to justify public expenditures. This is particularly true for rail investments in low-income and minority neighborhoods, which tend to have fewer retail and household service establishments, and where those that do exist offer inferior quality goods at higher prices (Alwitt and Donley 1997; Bartie et al 2007; Carr and Schuetz 2001; Sloane et al 2005) . Moreover, because, low-income households are typically less likely to own automobiles, they may face greater barriers to reaching commercial centers outside their immediate neighborhoods.
This study examines how public investments in rail transportation in California's four largest metropolitan areas -Los Angeles, Sacramento, San Diego and San Francisco-San Josehave affected the quantity of retail in surrounding neighborhoods. As shown in Table 1 , the number of rail stations in these regions has nearly doubled over the past 20 years, through expansion of existing rail systems and development of new ones. The stations vary considerably in their locations, physical characteristics, type of rail system, and neighborhood economic and demographic characteristics, both within and across MSAs, offering the chance to investigate how station heterogeneity affects the impact on retail. Only a few prior studies have incorporated detailed information on station traits, such as the density of surrounding streets, parking availability and slope gradients (Duncan 2011, Bowes and Ihlanfeldt 2001) .
The urban economics literature provides several models of retail firm location that provide a theoretical framework for why the presence of public transportation should affect the amount and composition of local retail outlets. The addition of a new rail station to a neighborhood decreases transportation costs between neighborhoods that are connected by the rail line, thus expanding the market area -and number of potential consumers -for stores at each station. If rail stations attract additional riders to the neighborhood, either residents who move to the area or commuters who work nearby, the station will effectively increase the buyer density in the neighborhood, and so should lead to an increase in the number of retail establishments and employees (Berry 1967 , Stern 1972 . A larger consumer base may also encourage product differentiation, leading to greater diversity of store types by goods and services offered (Fisher and Harrington 1996) . Previous empirical studies on the impacts of rail stops on other outcomes, such as property values, population and employment, have shown that the extent of impacts depend crucially on increases in ridership (Baum-Snow and Kahn 2005; Brown et al 2013; Kahn 2007; Bollinger and Ihlanfeldt 1997) . Therefore whether rail stations result in an increase in the quantity (or quality) of surrounding retail will depend on the number of transit users at that location. Moreover, an increase in retail establishments near a newly built train stop could represent either a net increase in retail activity through new store creation or redistribution from other, less accessible sites, as stores relocate closer to the rail station.
In this analysis, I combine geocoded data on retail establishments from the National Establishment Time Series (NETS) database with the location and opening dates of more than 500 rail stations throughout California's large metropolitan areas. First I examine differences in neighborhood characteristics for the one-quarter mile areas around rail stations, comparing new station neighborhoods to areas around older station as well as designated census tracts that are never within one-half mile of any rail stations. Then I test whether the opening of new stations has been associated with a growth in retail employment immediately around the stations, relative to control tracts and older station areas. This study contributes to the prior literature on TOD in several ways. First, I focus on an economic outcome that has been hypothesized as a benefit of TOD but which has not previously been analyzed. Second, by using longitudinal data that spans growth in transit systems, I can test for changes after new stations open while controlling for preexisting neighborhood differences. Third, by using consistent data and methods for four large metropolitan areas, I allow for comparisons across different cities.
Results indicate that new rail stations were located in areas with initially high employment density, somewhat outside the city centers, with relatively low household incomes and property values. Analysis of retail employment suggests that the impact of new stations on retail activity near the stations varies across and within metropolitan areas. Across all cities and neighborhoods, new station openings are not associated a significant change in retail employment. In Los Angeles and Sacramento, the estimated effect is negative and significant, while in San Diego and San Francisco, the effect is positive but not statistically different from zero. Stations within five miles of the CBD have high average levels of retail employment, but new station openings are negatively associated with retail employment. Station openings farther from the CBD are positively associated with retail employment, although starting from a much lower baseline. The differences in growth of nearby retail may reflect unobserved variables, such as different in transit ridership, or different valuation of transit access across neighborhoods.
The remainder of this paper is organized as follows. Section 2 provides background on the rail systems that form the setting for the analysis and lays out hypotheses for how station characteristics might affect surrounding retail growth. Section 3 describes the data and empirical methods. Section 4 presents results of descriptive statistics, while Section 5 offers directions for future research and discusses policy implications.
Section 2)
Background on California rail systems percent of stations were built in commercial areas, in which employment was composed mostly of activities such as finance and insurance, professional services, retail, and food service. About 30 percent of stations were located in areas dominated by industrial uses, such as manufacturing, transportation and warehousing. The same percent of stations were located near institutional uses, such as public administration, education, and health care.
Could station characteristics impact nearby retail development?
began. The first year of rail service for some pre-1992 stations could not be determined, particularly for the MUNI stations. 7 The distance to other station is a nearest neighbor index, measuring average distance from each station to its three nearest neighbors. Methodology discussed in more detail in Section 3. 8 Land use categories are derived from the industry with the largest share of employment, using the NETS data. Full discussion of the data and method is provided in Section 3.
The variation in station characteristics presented in Table 2 may plausibly impact nearby economic activity, directly through physical context and indirectly through differences in transit ridership (Duncan 2011; Voith 2005 The reuse of existing and historic stations has several potentially important implications for retail growth subsequent to station re-opening. First, the locations of these stations were not selected based on current economic conditions; they may not be in the optimal location relative to current distribution of population and non-retail activities. Second, the built environment surrounding older stations is more likely to be already developed than the surroundings of greenfields stations, which may make these areas more costly to adapt (although older stations may have higher density of retail prior to station opening, as a legacy of the existing development patterns). Third, for older stations that are considered architecturally or historically important, there may be historic preservation mechanisms that hinder nearby redevelopment (a number of the older stations are listed on the National Registry of Historic Places).
In general, we would expect economic and demographic characteristics to affect the likelihood of retail growth around a station. Households with more disposable income or wealth represent desirable consumers for retailers. Previous research has shown that some population characteristics, such as share of college-educated population, share of households with children, and share of owner-occupied homes, are negatively correlated with retail activity, potentially because these households prefer neighborhoods that are exclusively residential (Schuetz et al 2012 , Waldfogel 2006 ). Higher income households are also more likely to own cars, and may find rail transit less of an amenity than households who depend on public transit. rail transit will be a more desirable mode of transportation at stations that are part of a denser network, offering access to more destinations.
Section 3) Methodology and data description
This paper seeks to determine whether investments in public transportation have improved access to retail services by increasing the amount of retail activity in neighborhoods surrounding new rail stations. The empirical strategy is a modified difference-in-difference approach, which compares retail employment density near newly opening transit stations, before and after the stations open, to changes in retail employment density for two sets of control neighborhoods. The transit literature generally finds that most potential riders will come from a one-quarter mile radius of the station, with impacts declining rapidly beyond that (see Kolko 2011), so I define the primary treatment area to be within one-quarter mile radius of each newly opening station. 9 Stations that opened prior to 1992 and thus were in operation during the entire study period (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) ) form one set of control areas. The second set of control areas are census tracts outside a half-mile boundary of any transit station (new or existing), so not likely to be directly affected by station openings, but within the same PUMA as at least one rail station.
Limiting control areas to the same PUMA should yield comparison groups that have similar demographic and economic characteristics to the treatment areas, as well as similar proximity to spatially-specific amenities (parks, school districts, etc.). Figures 1 and 2 show the quarter mile boundaries for areas around selected transit stations, as well as the control tracts that fall outside the larger half-mile boundary.
9 Similar analyses using one half-mile radius around stations produces highly similar results; see Appendix A.
The general form of the regression to be estimated is shown below:
( Table 5 , summary statistics are shown in Table 6 .
Several geographic variables are also included in the analysis. Distance from each station and from the centroid of each control tract to the nearest Central Business District are calculated using latitude and longitude coordinates. The CBD is defined as the census tract with the highest total employment density, using the NETS data. One CBD is identified for each of the designated central cities within the MSA, using OMB definitions. Standard urban economics suggest that property values and employment densities will decrease with greater distance from the CBD (Alonso 1964; Mills 1972; Muth 1969) . Proximity of stations and control tracts to major highways are also calculated using GIS. Initial retail density and growth in retail are likely to vary relative to proximity to both the CBD and highways, also some rail stations are built along the freeway median, which is likely to impede nearby development. As discussed in the previous section, rail transit should be more attractive to riders when stations are part of a dense network. Therefore the analysis also includes a measure of station density, specifically the average distance of each station to its three nearest neighbor stations. Higher distances to nearby stations indicate lower network density.
One potential concern with identifying the effects of new rail stations on retail activity is that transit investments may occur simultaneously with changes in local land use or fiscal policy, designed to enhance the use of transit (for instance, an increase in allowable density of development or reduced tax rates). Unfortunately, collecting systematic data on those policies for all neighborhoods that receive train stations, and comparing them with similar policies for neighborhoods that do not receive rail stops, is not feasible, but this is an important area for future research.
Section 4) Empirical results
Where are stations located?
As shown in The San Francisco-San Jose region has the largest number of stations and the greatest number of separate transit systems, with MUNI making up more than half the region's stations. LA's stations are shared between the intra-city MTA rail and the inter-city Metrolink commuter rail.
Most of San Diego's stations belong to the intra-city San Diego Trolley, although the suburban
Coaster system has been expanding. An illustration of the variation in station density within the LA region is shown in Figures 1 and 2 . Downtown Los Angeles has seven MTA rail stations, all less than one mile from at least one other station. Indeed for several stations, there are overlaps in the quarter-mile radius of the station, which is expected to draw the most riders and should see the greatest development impact. By contrast, the two Metrolink stations in Ventura County are approximately four miles apart, with no overlap in potential catchment areas.
To examine more systematically the characteristics of neighborhoods around new rail stations, Table 5 presents descriptive characteristics of new station areas, compared to old station areas and the set of control census tracts with no stations. Columns 1-3 show the mean and standard deviation for several key characteristics, while Columns 4-6 present differences between the three neighborhood groups. New station areas had much higher initial overall employment density than control tracts, and were in fact comparable to older station areas in baseline employment density. A question is whether planners behind the location decisions believed that placing new stations in employment centers would maximize ridership, by serving an existing base of consumers, or whether it was easier to gain neighborhood acceptance for stations in heavily commercial areas; Goetz (2013) suggests that the support of the business community can be crucial in implementing successful transit projects. New stations were more likely to be located in industrial areas than either old stations or control tracts, and less likely to be surrounded by public and institutional uses (the traditional civic centers of most cities, near City Hall and other local government offices, are generally served by older transit stations). In terms of distance from CBD, new stations fall between older station areas (which are close to the CBD) and control tracts. Newer stations are also closer to highways; several of the newer systems were built parallel to major highways. The areas where new stations were built were on average 10 miles from older stations, closer than the control tracts that did not receive stations.
The population density of new station areas, as of 1990, was lower than that of older station areas, but compared to the population density of control tracts. Both old and new station areas had comparable median incomes, both significantly lower than control tracts. New stations opened in areas with lower college-educated population shares than either older stations or control tracts. While the black population share in new stations was not significantly different than in older station or control areas, new stations were in more Hispanic neighborhoods. New station areas had an older housing stock than control tracts but newer housing stock than older station areas.
In general, the comparison of new station areas to older stations and control tracts suggests that station placement was not exogenous to initial physical, economic and demographic characteristics. New stations were placed in highly dense commercial areas somewhat outside the city center, with relatively low population densities and low incomesareas that should have the potential to accommodate, and could benefit from, additional commercial activity.
Does retail density increase after new stations open?
To determine whether the opening of new stations is associated with a change in nearby retail employment, I first present differences in means of employment density, before and after stations open, then estimate difference-in-difference regressions for the full sample and stratified across several characteristics of neighborhoods and rail systems. The difference in means tests summarized in Table 6 offer some insight into raw changes in retail employment around station areas, but do not provide causal evidence of a link between station opening and employment. In particular, given the substantial differences in station areas and most control tracts, the difference in means do not address the counterfactual question of whether retail employment might have been increasing or decreasing in comparable areas during the same time period (there is no "post" opening period for control areas or older stations). To conduct a more robust test of the relationship between station opening and surrounding retail employment, I move to a regression framework. The results confirm some results of the difference in means analysis: across the combined sample, both old and new station areas have higher retail density than control tracts, and retail employment increases following new station opening. But adding controls for baseline differences in neighborhoods makes the post-station difference in employment statistically insignificant. Stratifying the sample in a number of dimensions also confirms that proximity to stations has heterogeneous effects, across and within MSAs.
The first three columns in Table 7 As with the difference in means, the aggregate results obscure variation in station impacts across the four MSAs (Columns 5-8). In Los Angeles and San Francisco, although areas ever near a station have higher retail density than control tracts within the same PUMA, the coefficients on post-station opening are negatively and statistically significant. For Sacramento, the coefficients on station and new station are positive but not statistically significant, while the post-station coefficient is negative and significant, again consistent with Table 6 . The estimates for San Diego suggest that areas around older stations have a lower retail density than control tracts, and newer stations were located in higher retail density areas, but with no significant differences in retail density after station opening. The estimated coefficients on control variables are largely consistent across MSAs, suggesting that the fundamental drivers of retail activity are similar across cities.
Stratifying the sample by MSA is a fairly crude proxy for underlying differences in station and neighborhood characteristics, however; station traits and location vary substantial within MSAs. Table 8 presents the estimated coefficients just for the three station variables, stratified along four dimensions: intra-MSA location, rail system type, availability of on-site parking, and initial land use category. The results on post-station are somewhat counterintuitive, based on predictions from transit planners and theories of retail location. Based on anecdotal evidence from a number of stations, a plausible hypothesis would be that transit stations closer to the CBD, served by intra-city rail systems -both of which typically have higher ridership and more frequent service than commuter rail systems -should have more impact on surrounding development than suburban commuter rail stations. Likewise, we might anticipate that stations surrounded by large parking lots and garages, which serve as impediments to contiguous development, would reduce the incentive for retailers to locate nearby. The estimated results run contrary to these hypotheses, however: the estimates on post-station are negative and significant for stations within five miles of the CBD, stations served by intra-city rail and stations with no on-site parking. The coefficient on post-station is positive and significant for stations more than five miles from the CBD and those on commuter rail lines, suggesting that retail was higher around these areas after the stations opened. Also somewhat surprisingly, while there is no apparent relationship between post-station retail employment in commercial and publicinstitutional areas, the coefficient on post-station is positive and significant in primarily industrial areas. Similar analysis stratifying by proximity to CBD and MSA produce largely similar results (Table 9 ).
To better understand the magnitude of the effects, Table 10 presents predicted retail employment densities for areas around older stations, and new stations before and after opening.
These predictions are obtained by summing the appropriate coefficients (Table 2 , Column 4 for all areas, Table 8 Columns 1 and 2 for the samples within and beyond five miles of the CBD), then multiplying the total coefficients by the average retail employment density for each group.
As shown in Column 1 of Table 10 , areas around both new and old stations have substantially higher predicted retail densities than the average, with older stations being denser than newer ones. For the full sample, there is essentially no difference in predicted density around new stations, before and after station opening. Predicted densities in station areas close to the CBD are much higher than predicted densities farther than five miles from the CBD. However, retail density is predicted to decrease after station opening, for closer-in stations, while it increases by a fairly large percent after opening in the farther stations.
Section 5) Discussion and policy implications
Over the past twenty years, local and regional governments in California have made substantial investments in new or expanded rail transit systems. One of the justifications for public funding of transit systems offered by policymakers is that the areas near transit stations will benefit from greater economic development, increases in jobs, property values, and other amenities. In this paper, I describe the characteristics and locations of new rail stations in California's four largest MSAs and examine whether the opening of new stations has been associated with a growth in retail activity immediately around the stations.
Results indicate that new rail stations were located in areas with initially high employment density, somewhat outside the city centers, with relatively low household incomes.
These areas therefore offer potential for physical and economic development surrounding the stations. However, there is considerable variation in the baseline characteristics of neighborhoods selected for rail stations, both within and across MSAs, which may affect the prospects for nearby development. In addition, the new stations vary in their physical characteristics, intra-MSA location, and the type of rail networks to which they belong. Stations that attract higher ridership will presumably be more attractive targets for retail or residential Although somewhat counter to the predictions of urban planners and standard economics models, there are several possible explanations that would be consistent with these results. There may be unobserved features of the urban structure, the transit system, or the population that make transit access a more valuable amenity in certain neighborhoods. For instance, areas close to the CBD may already be saturated with retail; the baseline retail employment density within five miles of the CBD is more than double that of tracts farther away. In centrally located neighborhoods, there may be higher barriers to larger-scale development projects, including high land costs, fragmented land ownership, and cumbersome development processes. It may also be the case that consumers prefer to conduct their shopping by car rather than by train, particularly when purchasing bulky or heavy items. In car-oriented metropolitan areas -certainly including Los Angeles and San Diego -developers may prefer to construct new shopping centers surrounded by abundant parking, which will be difficult to do directly adjacent to transit stations.
The mixed results of the empirical analysis make it difficult to draw clear and consistent implications for policymakers and planners. Like a growing number of studies, these results should serve as a reminder that the impacts of transit infrastructure on surrounding neighborhoods will vary, based on complex interactions between station and neighborhood characteristics. In part, the difficulty lies in what the primary purpose of building transit stations and rail networks should be: is the goal of such investment to improve functioning of the transportation systems within a metropolitan area, or is it to spur economic development?
Building rail stations in centrally located neighborhoods that already have a high density of residents or businesses seems likely to improve access to existing jobs, goods and services, but may not result in increased economic activity if these areas are congested or require costly redevelopment. By contrast, suburban stations will likely serve fewer potential passengers, but may offer greater potential for greenfields development projects, oriented around the station.
The results raise questions about whether building new stations will be an effective economic development tool for underserved neighborhoods in central cities. Planners and policymakers considering the expansion or development of rail systems should therefore consider the preexisting neighborhood conditions, and weigh competing goals, before deciding where to make new transit investments. 
